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Description 

Held of the invention 

This invention is in the fields of recombinant 
DNA technology, microbiology, enzymology and 
starch and food technology. The invention relates 
to a specific enzyme capable of being used, e.g., 
for the preparation of foods, and relates to the 
enzyme-encoding gene cloned by the inventors 
and capable of being used fdr transformation of an 
organism suitable for producjtion of the enzyme. 

More in particular, the invention relates to a 
branching enzyme of microbial origin, to a use of 
this branching enzyme for the modification of a 
starch-like material, e.g., within the scope of a 
process for the preparation or manufacture of hu- 
man or animal foods, as well as to a recombinant 
polynucleotide (especially recombinant DNA, e.g., 
in the form of a chimeric plasmid) comprising the 
genetic information coding for the branching en- 
zyme. 

Background of the invention 

Different organisms (a term used here in its 
most extended meaning and therefore including 
both bacteria and other small organisms such as 
fungi, yeasts and algae) possess an enzyme in- 
volved in the biosynthesis of glycogen and known 
as branching enzyme. This enzyme is a transferase 
leading to the formation of a(1fi6) branches in 
starch-like substrates such as amylose. amylopec- 
tin, starch, dextrin and pojy.saccharides derived 
therefrom and composed of a-D-glucose. The sys- 
tematic name of this enzyme is 1 ,4-a-D-glucan:1 ,4- 
Q-D-glucan 6-a-D-(1,4-a-D-glucano)-transf erase, or 
EC 2.4.1.18. Glycogen is a polyglucose material 
related to the vegetable starch component 
amylopectin and serving in animals and different 
microorganisms as a carbon and energy-storage 
material. Like amylopectin, glycogen is a branched 
polyglucose material, but the branching frequency 
is higher in glycogen than in amylopectin. The 
branching enzyme is necessary to form the q(1-*6) 
branches of the glycogen. 

Different branching enzymes of microbial origin 
have meanwhile been isolated and studied. US 
patent 4,454,161 discloses, e.g., a branching en- 
zyme isolated from Bacillus megaterium . This en- 
zyme is stable up to about 45 'C and shows an 
optimum of enzyme activity at a temperature of 
about 25 'C. 

An article by Boyer and Preiss in Biochemistry 
16. 1977, 3693-3699. discloses a branching en- 
zyme from Escherichia coli . Baecker et al, J. Biol. 
Chem. 261, 1986, 8738-8743 disclose the 
nucleotide sequence of the gIgB gene coding for 



this branching system, as well as the amino acid 
sequence of the enzyme corresponding therewith. 
This E. coli enzyme has a molecular weight of 
84231 calculated from the amino acid composition. 

5 Zevenhuizen. Biochim. Biophys. Acta 81. 1964, 

608-611 describes a branching enzyme of Arth- 
robacter globiformis . 

Walker and Builder. Eur. J. Blochem. 20, 1971. 
14-21 describe a branching enzyme of Streptococ- 

70 cus mitis . 

Steiner and Preiss. J. Bacteriol. 129. 1977. 
246-253 describe a branching enzyme of Salmo- 
nella typhimurium . 

Fredrick, J. thermal Biol. 3, 1978. 1-4 and 

75 Phytochemistry 19. 1980. 539-542 describes a 
branching enzyme from the alga Cyanidium cat- 
darium . 

Kiel et al. Gene 78. 1989, 9-17 describe the 
cloning and expression in E. coli of the gene cod- 

20 ing for a branching enzyme of Synechococcus sp. 
PCC 7942 (or Anacystis nidulans R2). The gene 
codes for two proteins the larger of which, as 
appears from the meanwhile determined nucleotide 
sequence of the gIgB gene coding therefor, has a 

25 molecular weight of 89206. The enzyme activity of 
this branching enzyme shows an optimum at a 
temperature of about 35 'C. The smaller protein 
has a molecular weight of approximately 72 kDa 
and is likewise enzymatically active. 

30. As discussed in the above-mentioned US pat- 
ent 4,454.161, branching enzyme can be used for 
improving the quality of different foods. The ten- 
dency of starch-like materials towards retrograda- 
• tion leading to a decrease of the shelf life and 

35 digestibility of foods containing these materials can 
be suppressed by introducing a(lT»6) branches by 
means of a branching enzyme. 

It is a drawback of. all the hitherto known 
branching enzymes that they are not very active 

40 and even unstable at elevated temperatures. This 
imposes substantial limitations on the method of 
treating a starch-like material to be modified or a 
product designed for human or animal consumption 
and containing a starch-like material to be modi- 

45 fied. For different reasons a treatment at elevated 
temperatures, e.g., at a temperature above 45 'C, 
may be preferred or even be necessary. If the 
treatment can be carried out at higher tempera- 
tures, e.g., higher starch concentrations can be 

50 used, which is desirable for many applications on a 
technical scale. This is not possible with the known 
branching enzymes. 

Of different enzymes the existence of ther- 
mostable variants is known. Thus, for instance, 

55 European patent application EP-A-Q 057 976 dis- 
closes a thermostable a-amylase enzyme originat- 
ing from bacteria of a Bacillus stearothermophilus 
strain. This European patent application describes 
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the cloning and expression of this thermostable a- 
amylase in E. co!i and in B. subtilis . o-Amylase is 
an enzyme capable ot being used for a hydrolytic 
degradation of starch*like materials, e.g.. for the 
preparation of glucose syrup from corn starch. 

Furthermore, US patent 4,612,287 discloses a 
thermostable pullulanase enzyme originating from 
the anaerobic microorganism Thermoanaerobium 
brockii . This US patent describes the cloning and 
expression of this thermostable pullulanase en- 
zyme in E. coli' and in B. subtilis . Pullulanase is an 
enzyme which specifically catalyzes the cleavage 
of a(l— 6) glucosidic linkages and. therefore, leads 
to a decrease of the number of branches in 
amylopectin and similar starch materials. 

Up to now, thermostable variants of the branch- 
ing enzyme have not been described. 

Description of the invention 

The invention meets the existing need for a 
thermostable branching enzyme and particularly 
provides a branching enzyme of microbial origin 
obtained by isolation from a microorganism ca- 
pable of expressing the enzyme, which novel 
branching enzyme is characterized according to 
the invention by a stability of the enzyme at tem- 
peratures of at least 50 * C and an optimum of the 
enzymatic activity at a temperature above 45* C. 

A preferred embodiment of the invention re- 
lates to a branching enzyme characterized by an 
origin from bacteria of the species Bacillus 
stearothermophilus . more in particular by an origin 
from bacteria of the strain Bacillus stearother- 
mophilus 1503-4R var.4. 

Although the known thermophilic microorgan- 
ism Bacillus stearothermophilus normally does not 
form appreciable amounts of glycogen, the above- 
mentioned spontaneous variant Bacillus stearother- 
mophilus 1503-4R var.4 is capable of accumulating 
at the end of the logarithmic growth phase a 
branched glucan in which the average chain length 
of the branches is at 21 glucose residues. In arti- 
cles published in Biochim. Biophys. Acta 177, 
1969. 166-168 and in Arch. Biochem. Biophys. 149, 
1972, 252-258, as well as in the book "Biochem- 
istry of the glycosidic linkage", vol. 2. 1972, 621- 
627. Goldemberg has reported on the glucan bio- 
synthesis of the above variant. However, the isola- 
tion, characterization and cloning of the responsible 
branching enzyme are not mentioned in these pub- 
lications. 

The present inventors have cloned, character- 
ized and expressed in E. coli and in B. subtilis the 
gIgB gene of Bacillus stearothermophilus 1503-4R 
var. 4 coding for its thermostable branching en- 
zyme. From the nucleotide sequence determined 
by the inventors they could derive the amino acid 



sequence and from this they could calculate the 
molecular weight of the thermostable branching 
enzyme at 74787. The enzyme consists of 639 
amino acid reidues (see Fig. 4). Furthermore, the 

5 Inventors have studied the enzymatic activity of the 
relevant thermostable branching enzyme. They 
found that the enzyme is stable up to a tempera-' 
tare of at least 65 * C and shows an optimum activ- 
ity at a temperature of about 53 * C. 

10 Although according to the experimental part of 
this application the inventors have expressed the 
gIgB gene of Bacillus stearothermophilus only in E. 
coli and in B. subtilis , the information supplied In 
the experimental part will be sufficient for a skilled 

J5 worker to express the gene in other hosts too. As a 
rule, it will only be necessary to accommodate the 
regulatory elements and the transformation meth- 
od, that is to say. e.g.. it will be possible to realize 
expression in lactic acid bacteria by incorporating 

20 the structural gIgG gene into an expression cas- 
sette useful for lactic acid bacteria and by using a 
vector suitable for the transformation of lactic acid 
bacteria. The use of other microorganisms can be 
preferred for different reasons, e.g.. for reasons of 

25 safety (lactic acid bacteria belong to the so-called 
GRAS bacteria, which is an important advantage in 
food applications) or for reasons of productivity. 
The invention further renders it possible to realize a 
high production of the branching enzyme by using 

30 regulatory elements suitable for that purpose, such, 
as a strong transcription promoter. 

Of course, the invention is not limited to the 
branching enzyme originating from B. stearother- 
^ niophilus and having the amino acid sequence 

35 Shown in Fig. 4. Mutants of this enzyme having a 
different amino acid sequence are also comprised 
by the invention, provided they are active and meet 
the requirements imposed on stability and activity 
at higher temperatures. The same applies to cor- 

40 responding enzymes originating from other micro- 
organisms. As far as the gene coding for the ther- 
mostable branching enzyme is concerned, the in- 
vention is not limited to the nucleotide sequence 
shown in Fig. 4, but comprises mutants thereof 

4& which owing to the genetic code being degenerate 
code for an enzyme having the same amino acid 
sequence, as well as mutants coding for a mutant 
enzyme if the mutant enzyme meets the conditions 
set forth above, and in a broader sense any gene 

50 of microbial origin coding for a thermostable 
branching enzyme as herein defined. The invention 
comprises recombinant polynuceiotides (preferably 
DNA, but recombinant RNA is also comprised) 
containing such a gene. Such recombinant poly- 

55 nucleotides may further comprise regulatory ele- 
ments, such as a transcription promoter suitable for 
the selected host, and may also comprise a vector 
part and have the form of a chimeric plasmid 
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comprising a vector plasmid containing an Insertion 
of DNA comprising a transcription promoter and. if 
required, other regulatory elements, as well as 
DNA coding for a thermostable branching enzyme 
^according to the invention. 

The invention also extends to the use of the 
novel thermostable branching enzyme according to 
the invention in processes for the modification of a 
starch-like material such as starch, amylose. 
amylopectin. dextrin, and other polygiucose materi- 
als, and to the thus obtained modified starch-like 
material. Of course, modification means introduc- 
tion of (additional) branches. 

The invention further resides in a process for 
the preparation or manufacture of a product suit- 
able for human or animal consumption (foods and 
fodders), which product comprises a starch-like 
material modified by treatment with* a branching 
enzyme according to the invention. 
The invention will now be explained further with 
reference to the accompanying drawings and the 
following experimental part. ' 

Description of the drawings 

Fig. 1 shows the map of ptasmid pKVS242 
partly originating from the starting plasmid pHP13 
(thin lines). Insertions are indicated by thick lines. 
The fat arrow represents the SP02 promoter. The 
open block represents the coding region of the 
Bacillus stearothermophilus ( Bst ) gIgB gene. The 
abbreviations have the usual meanings: 
Em' indicates the erythromycin resistance gene, 
Cm^ indicates the chioramph^nicoi resistance gene, 
on indicates the replication origin, 
E indicates an EcoRI site. B a 6am HI site, and H a 
Hindlll site. 

Fig. 2 shows the map of plasmid pKSZ14, the 
hatched block representing the coding region of 
the gig B - lac Z fusion gene. For the used abbrevia- 
tions it applies what has been observed for Fig. 1, 
and it further applies: 
A indicates a blunt-ended gene, 
mcs indicates a multiple cloning site. 
Piac indicates the location and orientation of the 
lacZ promoter, 

P indicates the putative Bst glgB promoter, 

" indicates the location of an NcohXmn I fusion, 

M indicates the location and orientation of the T1T2 

terminators. 

^ Fig. 3 shows the restriction map of plasmid 
pKVSl. The thin line indicates the Bst insertion, 
and the thick line indicates the DNA originating 
from vector pUC9. The hatched areas indicate the 
fragments which most strongly hybridized with the 
E. coli glgB probe. 

Fig, 4 shows the nucelotide sequence of the 
Bst glgB gene (the antisense strand of the 2.7 kb 



EcoRI-SacI fragment) and the amino acid sequence 
of the branching enzyme encoded by it. The open 
reading frame starting at nucleotide 325 is indi- 
cated as 0RF2. Putative ribosome binding sites are 

6 underlined. Putative promoters are indicated by 
letters printed in heavy type. The arrows down- 
stream from the Bst glgB gene indicate a region of 
dyad symmetry. 

*Fig. 5 shows the activity of the Bst branching 

70 enzyme and the effect of the temperature on that 
activity. The branching activity was determined in a 
DEAE-purified preparation of B. stearothermophilus 
1503-4R var. 4 (crosses in pane. A) and In extracts 
of E. co|i KV832[pKVS242] (open squares in panel 

75 B) and B. subtilis 5GM(amy) [pKVS242] (massive 
globules in panel B) by the increase in the number 
of 1 ,6-o-glucosidic linkages in amylopectin at the 
indicated temperatures. A unit of activity was de- 
fined as the amount of enzyme required for in- 

20 troducing per minute 1 umol a-1 ,6-glucosidic link- 
ages into the substrate. 

Fig. 6 shows the expression of the Bst glgB 
promoter in B, subtilis . The growth curves (massive 
globules) and the formation of /3-galactosidase ac- 

25 tivity through a correct glgB-lacZ fusion (crosses) 
for B. subtilis 8G5[pKSZ14] cultured on selective 
TY-nutrieht medium (panel A) or cultured on a 
selective TY-nutrient medium supplemented with 
0.5% glucose panel B). and for B. subtilis IS233- 

30 [pKSZ14] cultured on selective TY-nutrient medium 
(panel C) are shown in this figure. The specific ^3- 
galactosidase activities are expressed in Miller 
units per ml sample. The time starts at the moment 
of dilution in fresh medium. 

35 

Experimental part 

Cloning of the glgB gene of B. stearothermophilus 

40 A cross-hybridization experiment was conduct- 

ed in which, after cutting with Hindlll and Bam HI. 
DNA of B. stearothermophilus was hybridized at 
58 •€ and 61 "C with a 1.2 kb Bam Hi fragment 
serving as a probe. This 1.2 kb Bam HI fragment 

45 was isolated from plasmid pOP190 and contains 
nucleotides 256-1464 of the E. coli glgB gene. The 
results of the Southern blot analysis are not shown 
here. 

For cloning a Hindlll fragment of about 6 kb 
50 was selected which showed a strong hybridization 
with the E. coli glgB probe and was sufficiently 
large to contain the Bst glgB gene (assuming that 
this gene is comparable in size to the glgB genes 
of E. coli and Synechococcus sp., which are re- 
55 spectively 2.2 and 2.3 kb). The Bst DNA Hindlll 
fraction of 4-7 kb was isolated and cloned into the 
Hindlll site of plasmid pUC9, followed by trans- 
formation into E. coli KV832. Recombinant colonies 
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were transferred to nitrocellulose filters and 
hybridized at 58 'C using the 1.2 kb Bam HI frag- 
nnent of the E. coli gIgB gene as a probe. Since 
this fragment is deleted in the chromosome of E. 
coli KV832. only clones will hybridize that carry Bst 
insertions showing similarity in sequence with the 
E. coli gIgB probe. Positive colonies were analyzed 
by manufacturing restriction maps and were tested 
by additional cross-hybridization experiments. A 
plasmid containing a 6.1 kb Hindlll fragment show- 
ing a strong hybridization with the E. coli gIgB 
probe was selected and indicated as pKVSl. 

Characterization of pKVSl 

Fig. 3 shows the restriction map of pKVSl. 
Also indicated are the restriction fragments of the 
Bst insertion hybridizing with the E. colt probe. 
Plasmid pKVSl gave no expression of the Bst gIgB 
gene, as was concluded from its inability of com- 
plementation of E. coli gIgB. In a complementation 
experiment with plasmid pKVS2 (a derivative of 
' pKVSl in which the Bst insertion is cloned into 
pUC9 in opposite orientation) the colonies turned 
brown, however, after dyeing with iodine, which 
indicates the presence of a branched polyglucose. 
This result shows that the pUC9 carries a DNA 
fragment coding for a branching enzyme. 

Nucleotide sequence of the Bst gIgB gene 

The nucleotide sequence of a 2.7 kb Eco RI- 
Sac l fragment containing the cloned gene and the 
flanking regions was determined^ Analysis of the 
sequence shown in Fig. 4 exhibits an open reading 
frame of 1917 nucleotides coding for a polypeptide 
of 639 amino acids. A Shine-Dalgarno-like se- 
quence (underlined in Rg. 4) is located upstream 
from the initiation triplet TTG. The strength of the 
interaction between this putative S.D. sequence 
and the 3' end of the gram-positive 16S rRNA was 
calculated according to Tinoco et al. Nature 246. 
1973. 40-41 at AG = -15.2 kcal/mol. which is a 
value normal to gram-positive ribosome binding 
sites. 

Upstream from the Bst gIgB gene no se- 
quences were found showing similarity to the con- 
sensus -35 and -10 regions recognized by the 
most important vegetative B. subtilis RNA poly- 
merase E-o*. However, a strong homology was 
observed between the region preceding the S.D. 
sequence (in Fig. 4 this region is indicated by 
tetters printed in heavy type) and the consensus 
sequence for promoters recognized by the B. sub- 
tilis RNA polymerase E-o" containing sigma factor 
H. 

Further upstream from the coding region of the 
Bst gIgB gene the N-terminal part of a second 
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open reading frame is present. This open reading 
frame designated 0RF2 in Rg. 4 extends to the 
EcoRI site (nucleotide 1 of the sequence). No 
similarities were found between the partial amino 

5 acid sequence of 0RF2 and known amino acid 
sequences. Located upstream from the ATG initi- 
ation codon of 0RF2 is a putative S.D. sequence* 
(underlined in Fig. 4) with a AG for binding to the 3* 
' end of the gram-positive 16S rRNA of -14.2 

10 kcal/mol. Furthermore, upstream from this S.D. se- 
quence a sequence indicated in Fig. 4 by letters 
printed in heavy type is present resembling the -35 
and -10 regions recognized by B-a^. Interposed 
between the two putative promoters is an A/T rich 

75 region. 

Eleven nucleotides downstream from the tran- 
slational termination codon TAA of the Bst gIgB 
gene an extended region of dyad symmetry is 
present. Upon transcription into RNA this region 

20 can form a stem and loop structure with a AG of 
-104 kcal/mol. This region does not appear to be a 
rho-independent transcriptional termination site, 
since it lacks a thymine-rich region immediately 
downstream from the stem and loop structure. 

Amino acid sequence of the Bst branching system 

From the amino acid sequence shown in Fig. 4 
it appears that the Bst branching system has a 
30 molecular weight of 74787, i.e. substantially below 
the molecular weights of the known branching en- 
zymes of E. coli (Ec) and Synechococcus sp. (An), 
which are respectively 84 and 89 kDa. A compari- 
son of the amino acid sequences of these branch- 
es ing systems reveals that the gram-positive branch- 
ing enzyme lacks the N-terminal of the gram-nega- 
tive enzymes. Although the amino acid sequences 
of the Bst, Ec and An branching enzymes in the 
central part of the proteins show great similarity, 
40 the total homology resulting from the very limited 
similarity in the N-terminal part is relatively poor. 

Codon use and G + C content of the Bst gIgB gene 

45 A comparison of the codon use in the above 
gIgB genes reveals great differences between the 
gram-positive and gram-negative genes. In the 
gram-negative genes rare codons such as TTA, 
ATA, GTA, ACA. AAA, CGA. AGA. and GGA are 

50 often used in the Bst gIgB gene. It further appears 
that in the gram-positive gigB gene there is a 
strong resistance to G and C at all positions, but 
especially at the third position of the codon. In the 
gram-negative genes, however, there is a clear 

55 preference for C and resistance to A at the third 
position of the codons. The G + C content of the 
Bst gIgB gene (40.8%) is therefore remarkably 
much lower than that of the gram- negative Ec and 
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An gigB genes (respectively 53.2 and 56.5%). 

Amino acid composition 

Also in the amino acid composition there prove 
to be rather great differences between the above 
branching enzymes. Thus the Bst branching en- 
zyme has a much lower arginine and a much 
higher lysine content than the branching enzymes 
of the gram-negative bacteria, and the gram-posi- 
tive enzyme contains a much greater number of 
hydrophobic amino acids (Phe, Trp. Tyr, lie, Leu. 
Met and Vai). namely 39.3% versus only 34.9% in 
the enzymes of the gram-negative bacteria. 

Expression of the Bst gIgB gene in E. coli and B. 
subtilis 

Expression of the Bst branching enzyme in E. 
coli transformed with pKVS2 was rather weak. A 
shuttle plasmid pKVS242 was constructed to obtain 
a stronger expression in E. coli and also to obtain 
' expression in B. subtilis. This plasmid shown in 
Fig. 1 was constructed by ligating a 4.3 kb Eco Ri- 
Hindlll fragment cut from pKVSl and containing the 
complete Bst gIgB gene in pHPl3 cut with the 
same restriction enzymes and then inserting the 
very strong B. subtilis phage SP02 promoter (Wil- 
liams et al, J. Bacterid. 146, 1981. 1162-1165) as a 
280 bp EcoRI fragment into the unique Eco RI site. 
This 280 bp Eco RI fragment was isolated from 
plasmid pGKV2l described by van der Vossen et 
al in Appl. Environ. Microbiol. 50, 1985, 540-542. 
Its ability of complementation of E, coli KV832 
showed that pKVS242 is capable of expressing the 
Bst gIgB gene.- 

Extracts were prepared from pKVS242 contain- 
ing bacteria of the bacterial strains E. coli KV832 
and B. subtilis 5GM( amy ). The activity and the 
effect of the temperature on the activity of the 
branching enzyme in these extracts were deter- 
mined and compared with a DEAE-purrfied enzyme 
preparation of Bst 1503-4R var. 4. The results 
shown in Fig. 5 indicate that the number of a-l,6- 
glucosidic linkages in amylopectin is efficiently in- 
creased by extracts from pKVS242-containing 
cells. In control tests with extracts from KV832- 
[pHP13] and 5GM(amy)[pHP13} values below 1 
milli unit per ml were measured. Furthermore, the 
activity in KV832[pKVS2) was just above the back- 
ground (data not shown). Fig. 5 also shows that in 
all cases the optimum branching activity was ob- 
tained at about 53 * C. which proves the thermosta- 
ble nature of the cloned enzyme. 
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Growth phase dependent expression in B. subtilis 

In order to test whether transcription of the Bst 
gIgB gene takes place when using a promoter 

5 recognized by E-o". plasmid pKSZl4 shown in Rg. 
2 and containing a gIgB - lacZ fusion gene (with a 
correct reading frame) was constructed. The plas- 
mid was constructed from 4 fragments, namely an 
•840 bp EcoRI-BamHI fragment isolated from 

10 pKVSl and containing the 5' end of the Bst gIgB 
gene including the putative transcription and tran- 
slational regulatory elements; the B. subtilis /E. coli 
shuttle vector pHPl3 cut with Ncol (blunted) and 
EcoRI; a 4.3 kb BamHi-XmnI fragment cut from 

IS pMLBl034 and containing a blunt-ended lacZ 
gene; and a 500 bp Eco RI fragment containing the 
E. coli rrnB T1T2 terminators (Brosius, Gene 27, 
1984. 161-172). The gIgB - lacZ fusion gene codes 
for a fusion protein having ^-galactosidase activity. 

20 Furthermore, the T1T2 terminator stops transcrip- 
tion starting upstream from the fusion gene at the 
lacZ promoter and hindering accurate determina- 
tion of the activity of the putative Bst gIgB pro- 
moter. Upon transformation of B. subtilis 8G5 with 

25 pKSZl4 blue colonies were obtained after pro- 
longed growth on XGal-containing selective TY 
agar plates. 

Panel A of Fig. 6 shows the expression pattern 
of the ^-galactosidase activity in B. subtilis 8G5- 

30 [pKSZl4]. During vegetative growth no increase in 
the activity was observed. Apparently, the promoter 
of the Bst gigB gene was ruled out in this growth 
phase (the measured iS-galactosidase activity is 
* probably the residual activity of the overnight cul- 

35 ture used as inoculum). At the end of the exponen- 
tial growth phase the /9-galactosidase activity rap- 
idly increased, which indicates that the gene is 
expressed in the later growth stages. However, 
when the cells were cultured in medium sup- 

40 plemented with glucose, hardly any activity could 
be detected (see Panel B in Fig. 6). Although the 
expression pattern of /3-galactosidase remained the 
same, a 500-fold decrease of the activity was ob- 
served. These results confirm that the Bst gIgB 

45 gene is not expressed by E-G*,but that one or 
more of the minor sigma factors are involved in the 
expression of the gene in B. subtilis . Dependence 
on E-o" was tested by bringing plasmid pKSZ14 
Into B. subtilis IS233, which strain lacks sigma 

50 factor H. The results shown in pane! C of Fig. 6 
exhibit that very little /S-galactosidase activity is 
obtained. Apparently, therefore, sigma factor H is 
actually involved in the expression of the Bst gIgB 
gene in B. subtilis . 

55 
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Bacteria, ptasmids. media and (bio)chemicals 

The used bacterial strains and plasmids are 
given below. The B. subtilis strain 5GM (amy ) men- 
tioned below was obtained by congression after 
transformation of competent 6GM cells with ONA of 
B. subtilis strain l-85(amy) and selection for tyr"^ 
recombinants. 

B. subtilis 

85 trpC2 met his ura rib tyr nic purA 

Bron and Venema, Mutation Res. 

15. 1972. 1-10 
6GM trpC2 met his ura rib t^ rw," mw"^ 

Haima et al. Mol. Gen. Genet. 

209. 1987. 335-342 ' 
5GM (amy ) trpC2 met his ura rib amy tm" 

see the above description 
1-85 trpC2 amy 

Yuki. J. Genet: 42. 1967, 251-261 
IS233 trpC2 phe-1 spoOH AHind 

Weir et al. J. Bacteriol. 157. 

1984, 405-412 

B. stearothermophilus 

1503-4R variant of B. stearothermophilus 

1503-4R accumulating 
var.4 glucan 

Goldemberg and Algranati, 

Biochim. Biophys. Acta 177. 1969, 

166-168 

E. coli 



al, Experiments with gene fu- 
sions. 1984 

pOPlSO Tc'. 11-5 kb. E. coli replicon. E. 
coli asd and gIgB genes 
5 Kiel et al, Mol. Gen. Genet. 207. 

1987. 294-301 

pKVSl see earlier description in experi- 

mental part 

i pKVS2 see earlier description in experi- 

10 mental part 

pKVS242 see earlier description in experi- 
mental part 

pKSZ14 see earlier description in experi- 
' mental part 

75 Medium 2 contained per titer 10 g casitone. 1 g 
yeast extract,. 3 g glucose. 1.5 g K2HP04. 1 g 
KH2PO4, 8 g Naei. 0.04 g CaCl2.2H20. 0.2 g 
MgS04.'and 0.02 g FeCb.BHzO pH 7.2. A TY 
nutrient medium contained per liter 10 g tryptone, 

20 5 g yeast extract. 5 g NaCt. and 20 mg 
MnCl2,4H2 0 pH 7.4. If necessary, 0.5% glucose. 
1 .5% agar, or 40 ug/ml XGal (5-bromo-4-chloro-3- 
indolyl-iS-D-galactoside) were added. As required, 
the antibiotics were supplemented: for E. coli Ap 

26 100 ug/mi. Cm 10 ug/ml. Em 150 ug/ml. Km 50 
ug/ml, and To 10 ug/ml; for B. subtilis Cm 5 ug/ml 
and Erh 1 ug/ml. The media and procedures used 
for transformation of competent cells of B. subtilis 
were as described by Bron and Venema. Mutation 

30 Res. 15. 1972, 1-10. The restriction enzymes. T4 
DNA ligase and Klenow polymerase originated 
from Boehringer, Mannheim, FRG, and they were 
used according to the instructions of the manufac- 
turers. All other chemicals were of analytical grade. 

35 

DNA preparations 



KV832 



ara A (lac-pro) 



thi 



strA 



*80dlac2AM15 AglgB1200: :Km' Kiel 
et al. Mol. Gen. Genet. 207, 1987. 
294-301 

JM101 supE thi A (lac- proAB ~) [P traD36 
proAB ^ lacl ^ lacZAM15] Messing. 
Recombinant DNA Technical Bulletin. 
NIH publ. No. 79-99. vol. 2. No. 2. 
1979,43-48 



plasmids 
pUC9 



pHPl3 



PMLB1034 



Ap'. 2.7 kb, E. co|i replicon Vieira 
and Messing. Gene 19. 1982, 
259-268 

Em' Cm'. 4.9 kb. E. coli and B. 
subtilis replicons Haima et al, 
Mol. Gen. Genet. 209. 1987, 335- 
342 

Ap', 6.3 kb. E. coli replicon, 
blunt-ended lacZ gene Silhavy et 



Total DNA was isolated from E. coli JM101 
cultured on TY nutrient medium at 37 • C, and from 

40 B. stearothermophilus 1503-4R var. 4 cultured on 
TY nutrient medium at 55 'C, supplemented with 
0.5% glucose and 0.38 g CaCb, as described by 
Kiel et al. Mol. Gen. Genet. 207, 1987, 294-301. 
Preparative amounts of plasmid DNA were ob- 

45 tained from E. coli according to the alkaline lysis 
procedure of Maniatis et al, Molecular Cloning: A 
Laboratory Manual, 1982. The analytical "miniprep" 
procedure of Ish-Horowicz and Burke, Nucleic Ac- 
ids Res. 9, 1981, 2989-2998. was used to extract 

50 plasmid DNA from 2 ml cultures of E. coli and 5 ml 
cultures of B. subtilis . 

Molecular cloning procedures 

55 Routine DNA manipulations were performed as 
described by Maniatis et al. DNA restriction frag- 
ments were isolated from agarose gels with NA-45 
DEAE membrane filters according to the tnstruc- 
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tions of the manufacturer (Schleicher and Schuell. 
Dassel, FRG). 

Cross-hybridization 

Southern blot transfer was carried out by elec- 
troblotting of DNA restriction fragments on 
Genescreen plus filters according to the instruc- 
tions of the manufacturer (Dupont. NEN, Boston, 
USA). Colony blotting was performed on nitrocel- 
lulose filters (Schleicher and Schuell, Dassel. FRG) 
as described by Maniatis et al. The filters were 
hybridized for at least 40 hours at 58* C or 61 'C 
with [o-22p]dCTP (3000 Cl/mmol, Radiochemical 
Centre, Amersham, UK) labelled probes in 5x BSC; 
1% SDS; 0.02% polyvinylpyrrolidone; 0.02% bo- 
vine serum albumin; 0.02% Ficoll 400 and 250 
ug/ml calf thymus DNA. After hybridization the 
filters were washed three times with 5x SSC at the 
hybridization temperature; 0.5% SDS for 1 hour. 
The filters were then air-dried and exposed to 
Kodak Omat films (XR-1). 

Determinations of branching enzyme activity. 

Complementation analysis was used for the 
detection of plasma-encoded branching activity in 
E. coli KV832. as described by Kiel et al, Gene 78. 
1989. 9-17. For the detection of branching activity 
in B. stearothermophilus . in E. coli, and In B. sub- 
tilis the following procedure was followed: B. 
stearother mop hi I us 1503-4R var. 4 cells were cul- 
tured in medium 2 to early stationary phase and 
then harvested by centrifugatien. The cell pellet 
was suspended in 10 mM Tris-Cl pH 7.5, 1 mM 
EDTA, 1 mM DTT (buffer A) corresponding to a 
concentration of 5% dry weight, and the cells were 
disrupted by using an ultrasonic source (MSE Ltd.) 
in 20 min with pulses of 60 sec and intervals of 30 
sec. Cell debris was removed by centrifugation. 
Then fractionation with (NH4)2S04 was performed. 
The material that precipitated between 20% and 
55% saturation was pelleted, dissolved in buffer A 
and dialyzed extensively against the same buffer. 
Subsequently, the extract was loaded on a DEAE- 
ceHulose column (40 ml, Whatman DE 52) in buffer 
A. The column was then eluted with a linear salt 
gradient (from 0 to 0.675 M NaCI in buffer A). The 
branching activity eluted at 0.35 M NaCI and was 
substantially free from amylase activity. Extracts 
from transformed E. coli KV832 and B. subtilis 
5GM( amy ) cells cultured on a selective TY nutrient 
medium supplemented with 0.5% glucose were 
prepared as described by Kiel et al. Gene 78, 
1989. 9-17. The branching activity was determined 
in these extracts by the procedure described in the 
same publication, allowing a quantitative measure- 
ment of a-1 .6-glucosidic linkages, but the substrate 



concentration was increased to 1 .0% amylopectin. 
Nucleotide sequence analysis 

5 DNA restriction fragments were subcloned into 

M13mp18 and M13mpl9 (Norrander et al, Gene 
26. 1983. 101-106) and transformed into E. coli 
JM101. Nucleotide sequences were determined by 
the dideoxy nucleotide chain-termination method of 

70 Sanger et al. PNAS USA 74. 1977, 5463-5467. 
using the Klenow fragment of DNA polymerase I. 
the universal sequence primer and psjdATPaS 
(Biggin et al. PNAS USA 80. 1983. 3963-3965). 

75 Determination of the /3-galactosidase activity. 

Cells were cultured overnight at 37' C in 10 ml 
selective TY nutrient medium or selective TY nu- 
trient medium supplemented with 0.5% glucose. 

20 The cultures were then diluted 1000-fold in 15 ml 
fresh medium. The cells were cultured at 37 'C 
with vigorous agitation. Every 30-60 minutes sam- 
ples of 0.1-1.0 nil were taken, if necessary diluted 
in TY nutrient medium, followed by determining the 

25 ODgoo. Simultaneously, a sample of 0.2 ml was 
taken and stored overnight at -20 * C. After thawing 
the bacteria were made permeable with chloroform 
and SDS, and the ^-galactosidase activity was de- 
termined with o-nitrophenyl-iS-D-galactopyranoside 

30 as a substrate according to the method of Miller. 
1972. The activities, not corrected for ODeoo values 
and therefore representing rhe activity per ml cul- 
ture, are expressed in Miller units. 

35 Claims 

1. A branching enzyme of microbial origin ob- 
tained by isolation from an organism capable 
of expressing the enzyme, characterized in 

40 that the enzyme originates from bacteria of the 

strain Bacillus stearothermophilus 1 503-4 R 
var.4, has a stability at temperatures of at least 
50 'C and has an optimum of the enzymatic 
activity at a temperature aboye 45 * C. 

45 

2. A branching enzyme according to claim 1, 
characterized in that the enzyme has the ami- 
no acid sequence shown in Fig. 4. 

50 3. A branching enzyme according to claim 1. 

characterized in that the enzyme has been 
isolated from bacteria which, by genetic en- 
gineering by means of a recombinant poly- 
nucleotide, have been provided with genetic 

65 information necessary for expression of the 

enzyme. 
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4. A process for modifying a starch-like material 
by treating it with a branching enzyme of 
microbial origin obtained by isolation from an 
organism capable of expressing the enzyme, 
characterized by using a branching enzyme 
according to any of claims 1-3. 

5. A recombinant nucleotide, in particular recom- 
binant DNA, characterized in that it contains 
the genetic information coding for a branching 
enzyme accordfng to any of claims 1-3. 

6. A recombinant polynucleotide according to 
claim 5, characterized in that it conhprises the 
nucleotide sequence coding for branching en- 
zyme of bacteria of the strain Bacillus 
stearothermophilus 1503-4R var.4; as shown in 
Fig. 4. 

7. A recombinant polynucleotide according to 
claim 5 or 6, characterizecj in that it further 
comprises a transcription pilomotor and, if re- 
quired, other regulatory elements. 

8. A chimeric plasmid comprising a vector plas- 
mid containing an insertion of DNA comprising 
a transcription promoter and, if required, other 
regulatory elements, characterized in that the 
DNA insertion also comprises DNA coding for 
a branching enzyme according to any of 
claims 1-3. 

9. A chimeric plasmid according to claim 8, char- 
acterized in that the DNA insertion comprises 
the nucleotide sequence coding for branching 
enzyme of bacteria of the strain Bacillus 
stearothermophilus 1503-4R var.4,.as shown in 
Fig. 4. 

Patentanspruche 

1. Verzweigungsenzym mikrobiologischen Ur- 
sprungs, erhalten durch Isolierung aus einem 
Organismus, der in der Lage ist, das Enzym zu 
exprimieren, dadurch gekennzeichnet, daB das 
Enzym von Bakterien des Stammes Bacillus 
stearothermophilus 1503-4R var.4 stammt, eine 
Stabilitat bei Temperaturen von mindestens 
50 'C besitzt und ein Optimum der enzymati- 
schen Aktivitat bei einer Temperatur uber 
45 * C aufweist. 

2. Verzweigungsenzym nach Anspruch 1, da- 
durch gekennzeichnet, daS das Enzym die in 
Figur 4 gezeigte Aminosaurensequenz auf- 
weist. 
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3. Verzweigungsenzym nach Anspruch 1. da- 
durch gekennzeichnet, daB das Enzym aus 
Bakterien isoliert wurde, die uber gentechnolo- 
gische MaBnahmen mit Hilfe eines rekombi- 

5 nierten Polynucleotides mit zum Exprimieren 

des Enzyms erforderlichen genetischen Infor- 
mationen versehen worden sind. 

4. Verfahren zum Modifizieren eines starkeahnli- 
10 Chen Materiales durch Behandein des Materia- 

les mit einem Verzweigungsenzym mikrobiolo- 
gischen Ursprungs. das durch Isolierung aus 
einem Organismus erhalten wurde, der zum 
Exprimiereh des Enzyms in der Lage ist. ge- 
ts kennzeichnet durch Verwendung eines Ver- 
zweigungsenzyms nach einem der Anspruche 
1-3. 

5. Rekombiniertes Nucleotid. insbesbndere re- 
20 kombinierte DNA. dadurch gjskennzeichnet. 

daB es den genetischen Informationscode fur 
ein Verzweigungsenzym nach einem der An- 
spruche 1-3 enthalt. 

25 6. Rekonribiniertes Polynucleotid gemafi An- 
spruch 5, dadurch gekennzeichnet. daB es den 
Nucleotidsequenzcode fur das Verzweigungs- 
enzym aus Bakterien des Stammes Bacillus 
stearothermophilus 1503-4R var.4. wie in Figur 

,30 4 gezeigt. enthalt. 

7. Rekombiniertes Polynucleotid nach Anspruch 5 
Oder 6. dadurch gekennzeichnet, daB es des 
weiteren einen Transkriptions- Promoter und. 

35 falls erforderlich. andere regulierende Elemen- 

te enthalt. 

8. Heterozygotes Plasmid mit einem Vektorplas- 
mid. das eine Insertion von DNA, die einen 

40 Transkriptions-Promotor und, falls erforderlich. 

andere regulierende Elemente aufweist, um- 
faBt. dadurch gekennzeichnet. daB die DNA- 
Insertion auch einen DNA-Code fur ein Ver- 
zweigungsenzym nach einem der Anspruche 1 

45 - 3 enthalt. 

9. Heterozygotes Plasmid nach Anspruch 8. da- 
durch gekennzeichnet, daB die DNA-lnsertion 
den Nucleotidsequenzcode fiir das Verzwei- 

50 gungsenzym aus Bakterien des Stammes Ba- 

cillus stearothermophilus 1503-4R var.4, wie in 
Figur 4 gezeigt. enthalt. 

Revendlcations 

55 

1. Enzyme branchante d'origine microbienne ob- 
tenue par isolement a partir d'un organisme 
capable d'exprimer Tenzyme. caract^risee en 
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ce que Tenzyme prend son origine dans une 
bactefie de la souche 1503-4R var. 4 de Bacil- 
lus stearothermophilus , est stable a des tem- 
peratures d'au moins 50 *C et a un optinnum 
d'activite enzymatique au niveau d'une tempe- 
rature situ^e au-dessus de 45 * C. 

2. Enzyme branchante salon la revendlcation 1. 
caracterisee en ce que I'enzyme comporte la 
sequence d'acides amines representee sur la 
figure 4. 

3. Enzyme branchante selon la revendlcation 1. 
caracterisee en ce que Tenzyme a ete isolee a 
partir d'une bacteria qui, par manipulation 
netique a 'Taide d'un polynucleotide recombi- 
nant, a ete munie d'une information genetique 
necessaire pour Texpression de I'anzyma. 

4. Proc^de pour modifier un materiel analogue k 
Tamidon en le traitant avec une enzyme bran- 
chante d'origine microbienne obtenue par iso- 
lemant a partir d'un orgarisme capable d'expri- 
mer I'enzyme, caract^rise en ce qu'on utilise 
une enzyme branchante selon I'une quelcon- 
que des revendications 1 a 3. 

5. Nucleotide recombinant en particulier de 
I'ADN recombinant, caracterise en ce qu'll 
comporte I'information g^n^tique codant pour 
une enzyme branchante selon I'une quelcon- 
que de revendications 1 a 3. 

6. Polynucleotide recombinant selon la revendlca- 
tion 5. caracterise en ce qu'il comporte la 
sequence nucleotidique codant pour une enzy- 
me branchante vd 'une bacterie de la souche 
1503-4R var. 4 de Bacillus stearothermophilus . 
telle que representee sur la figure 4. 

7. Polynucleotide recombinant selon la revendlca- 
tion 5 ou 6, caracterise en ce qu'il comporte 
en outre un promoteur de la transcription et si 
necessaire, d'autres elements regulateurs. 

8. Plasmide chimerique comporant un plasmide 
vecteur contenant une insertion d'ADN com- 
portant un promoteur de transcription et si 
necessaire d'autres elements regulateurs, ca- 
racterise en ce que Tinsertion d'ADN comporte 
aussi I'ADN codant pour une enzyme bran- 
chante selon I'une quelconque des revendica- 
tions 1 3. 

9. Plasmide chimerique selon ia revendlcation 8, 
caracterise en ce que I'insertion d'ADN com- 
porte la sequence nucleotidique codant pour 
I'enzyme branchante d'une bacteria de la sou- 
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Che 1503-4R var. 4 Bacillus stearothermophi- 
lus, telle que representee sur la figure 4. 
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. 3c «o »c . no 

C/J^rrcrJU>TCC*A*TA*TCCrrA>CSTAJ>gCCCCTTT»JW6C*CCTiaTAArrTW 

i»o iw J>e 

TCAtCCTJU«CCCAACCGCCA»TAeCTC*C»TCCCATATCCCCig<CTCeC<UUCCMUCCTAJ>CCAATTCC* 

270 3M )JC 3iO 

C6ACACTCATCCAAACCC I I li i M i a *TTC»rrTTCCCTTTTT*C» TC aCC»*C*TeeT6»TJUtTCCT*TT&AATTCCTCACATCACACACCTC^ 

can ■ CTA e-wy.*r^ 

J»C 410 «00 

ATACATTATAATATJC ! H 1 I i ATAATTrtCCAAAAAAA 1 1 1 1 lit! . J ArrrA TC6 I U y W tCT»AiUUWTAau>TTTTrrT4« ri i nr M>mTCC»At 0CCTBW0M» 

TA*«,T — ro„, — ^CA«TT 

^^^^-^ ^ » > > A^#T^ AT^r rrc ATc ecc ere GCT ccc act cat tta cm at« tat tta ttt cat CAA ccc ACC TTA 

n«t II* Al« V«i Cly Ptc Thr A«p b*ii Clw I)« Tyt k«« Hw Rl« Clv Cly S*f Lvw 

.1 ftoe cie **o 

TAT AAA ACT TAT CAA TIC Tl^ CCT CCA CAT CTC ATA Ai«.AAA AAT 06C «T6 GTC CCA ACC CCC TTT TST CTA TSC CCA CCC CAT COS CCC 
Tyi tym s*f Tyr Clu L«o »h« Cly Ali nil v»i 11* Lys tym Am Cly iwt *•! Cly TM 'Af« n»t Cys v»| Tfp Aim Pto Ma Ar^ 

690 7J0 • 7i0 

CAA CTC CC* TTA CTC CCC ACT TTT AAT CAA TCC AAC CCA ACT AAT TTT AAC CTT A1C AAA CTA ACT AAT CAA CCC CTA TCC ATC ATT TTT 
Olu v«l Ar9 t«u v«l CJy S»r Fh» Atn Clu Trp A»n CJy Thi A«« Am l*v A«l Ly» Val ft AAA Cli» Cly V«l Tfp A*t II* Ph* 

710 110 040 

*rr CCT CAA AAC tta CAA GCC cat tta tat AAA TAC CAA ATT AOC ACC AAC CAT CCC AAT CTT CTC TTA AAA TCC CAT CCA TAC GOC TTT 
lit Pro Clu Atn t*u Clw Cly fit* Ltw Tyr Ly» Tyr Clu II* Tttr Thr A«n A*p Cly Am VaI L«v U*u lym Set Aap rto Tyt Al« ?h* 

87C ' »0C »J0 

TAC TCC CAC TTC CCT CCC CAT ACT CCT TCC ATT CTC TAC AAC ATA AAA CCA TAT CAA TCC AAT CAC CA6 ACA TCC CCA OBC AAC AAA C*C 
Tyr S*t Clu Lwu Ar9 Pro Mi* Thr AU Str 11» V«i Tyr Aan ll« Ly* Cly Tyr Cl« Trp A«rt Atp Cln Thi Trp Ar9 Ar^ Ly* ty* Clf» 

960 99C 1020 

CCA AAC CCA ATT TAT CAC CAC CCT TTC TTC ATT TAT CAA CTT CAC TTT CCT TCC TCC AAA AAC AAA CAC CAC CCC ACT TTT TAT ACA TAT 
Ar« Ly* Ar« X)« Tyt Aap Clrt Pie L*u Pn« Il« Tyr Clu L*u Mis Fh« Cly »*r Tip Lya ty» Ly* Clu A*p Cly 5»r Ph* Tyt TDr Tyr 

lOSO 1010 1110 

CAA CAC ATC CCA CAC CAC CTA ATC CCT TAT CTT CTC CAA CAT CCC TTT ACT CAT ATT CAC CTC CTC CCA CTC CTC CAC CAT C06 TTC CAT 
Cln Clu Met Al* Clu Clu t»u lU Pro Tyr v*l L*y Clu flla Cly Pl»« Thr Hit XI* Clu L*u Lvn Pre L*i! V«l Clu HI* pre pn« Aap 



1140 
CCA A' 

Ar9 s«r Trp Cly Tyr cm cly 11* Cly Tyt 



CCT TCT TCC CCA TAT CAC CCA ATA CCT TAT TAT TCA CCA ACA ACC CCC TaC CCA ACA COC CAT C^T TIC ATC TAT TTT ATT CAC CCC TCT 
- - Tyr S«r AIa The S*t Ar^ Tyr Cly Thr Pre HI* Asp lmi Mt Tyr rh* XI* A*p>t9 Cys 



13)0 latO 1290 

CAC CAA CCT CCA ATA CCC CTC ATT CTC CAT TBC CTT CCT GCC CAC TTT TCT AAA CAT TCC CAT CCC TTA TAT ATC TTT CAT CCC CCA COC 

Mia Cln AlA Cly 11* Cly vai II* Lev Aap Trp Val Pre Cly Ilia Ph* Cya Lya Aap S*r Mia Cly Lev Tyr R*t Ph* Aap Cly Al* Pre 

1330 nSO 1)00 

CCA TAT CAA TAT CCC AAC ATC CAA CAC CCC CAA AAT TAC CTA TCC CCA AOC CCA AAC TTT CAC CTT CCC AAC CCC CAA CTC OCC ACC TTT 

Ala Tyi Clu Tyr AU Aan H*t Cla Aap Arq Clu Aan Tyr val Ttp Cly Thr Ala Aan Ph* Aap Lvv Cly Lya Pre Clu Val Ar9 S*r Phm 

1410 1440 1410 

nC ATT TCC AAT COC TTA TTT TCC ATC CAA TAT TTC CAT CTC CAC CCC TTT OCT CTA CAT CCT CTT CCC AAT ATC TTA TAT ICC CCA AAC 

L*i( tU 6*r Aan Ala L*u Ph* Trp n*t Clu Tyr Ph* Ala Val Aap Cly Ph* Ar9 Val Aap Ala v*i Ala Aan M*t L«tt Tyr Trp Pre A*n 

ISOO 1S)0 1S60 

ACC CAC CTA CTA TAC AAA AAT ACC TAT CCC CTC CAC TTC TTC CAA AAA TTA AAT CAA ACC CTA TTC CCC TAT CAT CCC AAC ATA TTA ATC 

S«r Aap Val L«u Tyr Lya Aan Thr Tyr Ala v«l CIh Ph« L*h Cln Lya L*w A*n Clv Thr Val Ph* Ala Tyr Aap Pre Aan XI* L*u .»i*t 

1590 1C90 16S0 

ATT CCC CAA CAT TCC ACA CAC TCC COC CCC CTC ACT CCT CCA ACA TAC CAC CCA CCA TTA CCA TTT AAC TAT AAA TCC AAC ATC CCA TCC 

lit Ala Clu Aap S*r Thr Aap Trp Pre Arq val Thi Ala Pro Thr Tyr A*p Cly Cly L«u Cly Ph* Aan Tyr Lya Trp Aan Met Cly Trp 

16SC ITIO 1740 

K-K AAC CAT ATT TTA ACT. TAT ATC CAA ACC CCC CCT CAA CAT OCA AAA TAC CTC CAC AAT AAA CTA ACA TTT TCC CTC TTC TAT COC TAT 

f1*t Aan Aap 11* L*u Thr Tyr h*t Clu Tht Pre Pro Clu Rle Ar9 Ly* Tyr Val Hia Aan Lya Val Thr Phi S*r L*u Leu Tyr Ala Tyr 

1770 1000 1010 

TCC CAA AAT TTC ATT TTA CCT TTT TCC CAT CAC CAC CTC CTA CAT CCA AAA AAA TCC CTC TTA ACT AAA ATC COC CCC ACA TAT CAC CAA 

««r Clu Aan Ph* II* L*w Pre Ph* S*r Hie Aap Clu Val Val Hia Cly Lya Lya Sat L*u I.*u Set Lya Met Pto Cly Thr Tyr Clu Clu 

1660 llfO 1920 

AAC TTT COC CAA* TTA ACC TTC CTC TAT CCA TAT TTC TTC AOC CAT CCT CCT AAC AAA TTA TTC TTT ATC CCC CCC CAA TTT CCC CAC TTT 

Lya Ph* Al* Cln L«u Atq L*u L«u Tyi Cly Tyr L*u Lou Thr Hia pre Cly Lya Lya Leu Leu PA* net Cly Cly Clu Pht Cly Cln Phe 

19S0 1900 2010 

CAT CAA TCC AAA CAT TTA CAC CAC CTC CAT TCC ATC CTT TTT CAT TTT CAT ATC CAT OCC AAT m AAT ATC TAT CTC AAA CAA TTC TTC 

Aap Clu Trp Lya Aap Leu .Clu Cln L*e Aap Trp n*t L*u Phe Aap Ph* Aap Hat Hia ArQ Aan Net Aan H«t Tyr Val Lya Clu L*u Leu 

2040 2070 2100 

AAA TCT TAT AAC CCC TAT AAA COC CTT TAT CAC TTA CAC CAC TCT CCA CAT CCA TTC CAC TCC ATT CAT CTT CAT AAC CCC CAA CAA ACT 

Lya Cya Tyr Lya Aff9 Tyt, Lya Pre L*u Tyr Clu Leu Aap Hia Ser Pre Aap Cly Ph* Clu Ttp 11* Aap v«l Hia Aan Al* Clu Cln Ser 

2130 2160 2190 

ATT TTC TCA TTC ATT CCC ACA CCA AAA AAA CAC CAT CAT TTC CTT ATT CTT CTC TCT AAT TTC ACA AAT AAA CTA TAC CAC CCT TAT AAA 

:it Ph* S*r Ph* lu Atq Ar; Cly Lya Lya Clu Aar Asp Leu L«u II* Val Val Cya Aan Pht Tht A«r. Lya val Tyr Mia Cly Tyt Lya 

727r J3«0 

ST". CCT err CCC tta ttt aca ag* ta* c^c caa cta atc a/.-s acc cat cca atc caa ttt ggc ccc rr: ccc aat atc aat cca aaa ccc 

Val Cly Va: Pre L*u Put Ttit A19 Tyc Ar« Clv Val Ut A»n »er Aaf Al* lit Clr. Ph* Cly Cly Pht Cly Air. 11* Aan Pro Lya Pro 

2310 2340 2370 

ATT COC CCC ATC CAA CCC CCC TTT CaC CCA AAC CCA T*T CAT ATT CAC ATC AOC ATC CCC CCC TTT CCC ATT TCT ATT TTA ACA CCA CTA 

lit Ala Al* Ktt Clu Cly Pto Ph* nu Cly Lya Pro Tyt Hia II* Cln Mat Thr II* Pro Pro Pht Cly 11* S«r II* L*u Atq *to Val 

340C 34)0 2460 

AAA AAA CCT ACC CTC AAA ACT TTT ATC AAA ACT CCA CAT ccc CCA TCC CAT CCA CCA TCC TAA CCCATCCTTCC ACCCCCATTCCCCCnCACCAACA 

Lya Ly* Cly S*r va] Lya Str Ph* Rtt lya Thr Pre Hia Pre Pto Set HI* Cly Alt Stt tnd 

}490 2530 2»iC 7580 

CCCC C CAAACCT CT CAAiy CCACCTC AACCCOCA C CCCC ACAAAAAACACCCCATACCAAACCCCCCC TTCCCCT^ 

241C 364C 2»'C 270C 

rrCCC CCAATCCCCC? CTTCTTCT:ATt:CATr.CCCrcCC^.CCCACAAAAAACTTACCCTCC C I X 1 I C 1 ! V CACCAAATCTTCACCCATCCCCATCACCTTOCTCCACCCCCCCCCCATAT 
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